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name of the Oneida tribe differs on pp. 52 
and 78 ? Before leaving this interesting sub- 
ject, we would call attention to note 5 on 
p. 147: "It is deserving of notice, that the 
titles of clanship used in the language of cere- 
mony are not derived from the ordinary names 
of the animals which give the elans their desig- 
nations. Okwaho is ' wolf; ' but a man of the 
wolf clan is called ' Tahionni.' " The simple 
explanation is, that, in both the Seneca and 
Oneida, ' Tai-hyo-ni ' is the name of that ani- 
mal. One might be tempted to theorize upon 
this ; but so much is yet to be learned regard- 
ing this intermingling, retention, and coining 
of words, that for the present we have but to 
collate facts which can only be clearly ex- 
plained or understood by a more full and com- 
plete comparison of the Iroquois dialects than 
has heretofore been obtainable. 

The chapter entitled the ' Book of rites ' ex- 
plains its origin and character, the manner of 
its discovery by Mr. Hale, and the character 
of the Indians in whose possession it was 
found. That it is a genuine Indian produc- 
tion there can be no manner of doubt ; and 
Mr. Hale's conclusions concerning its age are 
in all probability correct. 

The Book of rites comprises the speeches, 
songs, and other ceremonies, which, from the 
earliest period of the confederacy, are sup- 
posed to have composed the proceedings of 
their council when a deceased chief was la- 
mented, and his successor installed into office. 
The fundamental laws of the league, a list of 
their ancient towns, and the names of the 



chiefs who constituted their first council, all 
chanted in a kind of litany, are also comprised 
in the collection. These contents are said to 
have been preserved in the memory for many 
generations, and were written down by desire of 
the chiefs when their language was first reduced 
to writing. This manuscript, the original of 
which had been lost, Mr. Hale has, with the 
most competent Mohawk assistants, translated 
into English, and drawn from it most interest- 
ing conclusions regarding the character and 
policy of the Iroquois tribes, quite dissimilar 
from those generally accepted. The transla- 
tion, notes, and glossary exhibit the work of a 
careful student. In the free translation ren- 
dered by Mr. Hale to the songs, he has given 
them a metre almost suggesting the peculiar 
melody, which, in the original Mohawk, was 
produced by intonations ; for it must be re- 
membered, that it is one orator who must un- 
tiringly continue to sing and chant, sometimes 
for twenty-four hours ; and only by varying 
his key-note is he able to accomplish this 
feat. 

A book which is as suggestive as this must 
bear good fruit. We have called the attention 
of our readers to many disputed points in the 
hope of awakening a spirit of inquiry upon 
subjects of such vital importance, many of 
which are here presented for the first time. 
We feel assured that the hopes of the author 
regarding it will be fully realized, and that 
students of history and of the science of man 
will here find new material of permanent in- 
terest and value. 
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The evidence for evolution in the history of 
the extinct Mammalia. 1 

BY B. D. COPE OP PHILADELPHIA. 

The subject to which I wish to call your attention 
this morning requires neither preface nor apology, as 
it is one with the discussion of which you are perfectly 
familiar. My object in bringing it before the general 
session of the association was in view of the fact 
that you were all familiar with it in a general way, 
and that it probably interests the members of sec- 
tions which do not pursue the special branch to which 
it refers, as well as those which do; also, since it has 
been brought before us in various public addresses 
for many years, during the meetings of this associa- 
tion, I thought it might be well to be introduced at 
this meeting of this association, in order that we might 

1 A lecture given in general session, Aug. 20, 1883. Steno- 
graphically reported for Science. 



not omit to have all the sides of this interesting ques- 
tion presented. 

The interests which are involved in it are large: 
they are chiefly, however, of a mental and metaphysi- 
cal character; they do not refer so much to industrial 
and practical interests, nor do they involve questions 
of applied science. They involve, however, ques- 
tions of opinion, questions of belief, questions which 
affect human happiness, I venture to say, even more 
than questions of applied science; certainly, which 
affect the happiness of the higher grades of men and 
women more than food or clothing, because they re- 
late to the states of our mind, explaining as they do 
the reasons of our relations to our fellow-beings, and 
to all things by which we are surrounded, and the 
general system of the forces by which we are sur- 
rounded. So it has always appeared to me : hence I 
have selected the department of biology, and have 
taken a great interest in this aspect of it. 
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The doctrine of evolution, as taught by the.biolo- 
gists of to-day, has several stages as grounds or parts 
of its presentation. First, the foundation principle 
is this: That the species of animals and of plants, 
the species of organic beings, as well as the various 
natural divisions into which these organic beings 
fall, have not always been as we see them to-day, 
but they have been produced by a process of change 
which has progressed from age to age through the 
influence of natural laws; that, therefore, the spe- 
cies which now exist are the descendants of other 
species which have existed heretofore, by the ordinary 
processes of reproduction ; and that ail the various 
structures of organic beings, which make them what 
they are, and which compel them to act as they now 
act, are the result of gradual or sudden modifications 
and changes during the periods of geologic time. 
That is the first phase or aspect which meets the 
naturalist or biologist. 

Another phase of the question relates to the origin 
itself of that life which is supposed to inhabit or 
possess organic beings. Tliere is an hypothesis of 
evolution which derives this life from no-life, which 
derives vitality from non-vitality. That is another 
branch of the subject, to which I cannot devote much 
attention to-day. There is still another department 
of the subject, which relates to the origin of mind, 
and which derives the mental organization of the 
higher animals, especially of man, from pi - e-existent 
types of mental organization. This gives us a gene- 
alogy of mind, a history of the production or creation 
of mind, as it is now presented in its more complex 
aspects as a function of the human brain. This 
aspect of the subject is, of course, interesting; and 
upon that I can touch with more confidence than 
upon the question of the origin of life. 

Coming now to the question of the origin of 
structures, we have by this time accumulated a vast 
number of facts which have been collated by labo- 
rious and faithful workers, in many countries and 
during many years; so that we can speak with a 
good deal of confidence on this subject also. As to 
the phenomena which meet the student of zoology 
and botany at every turn, I would merely repeat, what 
every one knows, — and I beg pardon of my biological 
friends for telling them a few well-known truths, for 
there may be those present who are not in the biolo- 
gical section, — the phenomena which meet the stu- 
dent of biology come under two leading classes : the 
one is the remarkable fidelity of species in reprodu- 
cing their like. ' Like produces like,' is the old theo- 
rem, and is true in a great many cases; just as coins 
are struck from the die, just as castings are turned 
out from a common mould. It is one of the most 
wonderful phenomena of nature, that such complex 
organisms, consisting of so many parts, should be 
repeated from age to age, and from generation to 
generation, with such surprising fidelity and pre- 
cision. This fact is the first that strikes the student 
of these sciences. The general impression of the . 
ordinary person would be, that these things must con- 
tinue unchanged. When I began to study zoology 
and botany, I was remarkably surprised to find there 



was a science of which I had no conception, and 
that was this remarkable reproduction of types one 
after another in succession. After a man has had 
this idea thoroughly assimilated by his honest and 
conscientious studies, he will be again struck with an- 
other class of facts. He will find, not unfrequently, 
that this doctrine does not apply. He will find a series 
of facts which show that many individuals fail to coin- 
cide with their fellows precisely, the most remarkable 
variations and the most remarkable half-way attitudes 
and double-sided aspects occurring; and he will come 
to the conclusion, sooner or later, that like does 
not produce like with the same precision and fidelity 
with which he bad supposed it did. So that we have 
these two classes of facts, — the one relating to, and 
expressing, the law of heredity; the other, which 
expresses the law of metamorphosis. I should not 
like to say which class of facts is the most numer- 
ously presented to the student. In the present fauna 
we find many groups of species and varieties before 
us; but how many species we have, how many genera 
we have, and families, we cannot definitely state. The 
more precise and exact a person is in his definition 
and in his analysis, the more definite his science be- 
comes, and the more precise and scientific his work. 
It is a case of analysis and forms. What the scales are 
to the chemist and the physicist, the rule and meas- 
ure are to the biologist. It is a question of dimension, 
it is a question of length and breadth and thickness, 
a question of curves, a question of crooked shapes or 
simple shapes, — rarely simple shapes, mostly crooked, 
generally bilateral. It requires that one should have 
a mechanical eye, and should have also something of 
an artistic eye, to appreciate these forms, to measure 
them, and to be able to compare and weigh them. 

Now, when we come to arrange our shapes and our 
measurements, we find, as I said before, a certain 
number of identities, and a certain number of varia- 
tions. This question of variation is so common and 
so remarkable, that it becomes perfectly evident to 
the specialist in each department, that like does not 
at all times produce like. It is perfectly clear, and I 
will venture the assertion that nearly all the biologists 
in this room will bear me witness, that variability is 
practically unlimited in its range, unlimited in the 
number of its examples, unlimited in the degree to 
which it extends. That is to say, the species vary by 
failing to retain certain characteristics, and generic 
and other characters are found to be absent or present 
in accordance with some law to be discussed farther 
on. 

I believe that this is the simplest mode of stating 
and explaining the law of variation: that some forms 
acquire something which their parents do not pos- 
sess; and that those which acquire something addi- 
tional have to pass through more numerous stages 
than those which have not acquired so much had 
themselves passed through. 

Of course we are met with the opposite side of the 
case, — this law of heredity. We are told that the 
facts there are not accounted for in that way; that 
we cannot pass from one class of facts to the other 
class of facts; what we find in one class is not 
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applicable to the other. Here is a question of ration- 
al processes, of ordinary reason. If the rules of 
chemistry are true in America, I imagine they are 
true in Australia and Africa, although I have not 
been there to see. If the law of gravitation is effec- 
tive here, I do not need to go to Australia or New 
Zealand to ascertain whether it is true there. So, 
if we find in a group of animals a law sufficient to 
account for their creation, it is not necessary to know 
that others of their relatives have gone through a 
similar process. I am willing to allow the ordinary 
, practical law of induction, the practical law of infer- 
ence, to carry me over these gaps, over these inter- 
ruptions. And I state the case in that way, because 
this is just where some people differ from me, and 
that is just where I say the simple question of ration- 
ality comes in. I cannot believe that nature's laws 
are so dissimilar, so irregular, so inexact, that those 
which we can see and understand in one place are 
not true in another; and that the question of geo- 
logical likelihood is similar to the question of geo- 
graphical likelihood. If a given process is true in 
one of the geological periods, it is true in another; 
if it is true in one part of the world, it is true 
in another; because I find interruptions in the 
series here, it does not follow that there need be 
interruptions clear through from age to age. The 
assumption is on the side of that man who asserts 
that transitions have not taken place between forms 
which are now distinct. 

We are told that we find no sort of evidence of 
that transition in past geological periods; we are 
assured that such changes have not taken place; we 
are even assured that no such sign of such transition 
from one species to another has ever been observed, 
— a most astonishing assertion to make to a biolo- 
gist, or by a biologist; and such persons have even 
the temerity to cite special cases, as between the wolf 
and the dog. Many of our domestic dogs are nothing 
but wolves, which have been modified by the hand 
of man to a very slight extent indeed. Many dogs, 
in fact, nearly all dogs, are descendants of wild 
species of various countries, and are but slightly 
modified. 

To take the question of the definition of species. 
Supposing we have several species well defined, say 
four or five. In the process of investigation we ob- 
tain a larger number of individuals, many of which 
betray characters which invalidate the definitions. 
It becomes necessary to unite the four or five species 
into one. And so, then, because our system requires 
that we shall have accurate definitions (the whole 
basis of the system is definitions: you know the very 
comprehension of the subject requires definitions), 
we throw them all together, because we cannot define 
all the various special forms as we did before, until 
we have but one species. And the critic of the view 
of evolution tells us, "I told you so! There is but 
one species, after all. There is no such thing as a 
connection between species : you never will find it." 
Now, how many discoveries of this kind will be neces- 
sary to convince the world that there are connections 
between species ? How long are we to go on finding 



connecting links, and putting them together, as we 
have to do for the sake of the definition, and then 
be told that we have, nevertheless, no intermediate 
forms between species? The matter is too plain for 
further comment. We throw them together, simply 
because our definitions require it. If we knew all 
the known individuals which have lived, we should 
have no species, we should have no genera. That is 
all there is of it. It is simply a question of a univer- 
sal accretion of material, and the collection of infor- 
mation. I do not believe that the well-defined groups 
will be found to run together, as we call it, in any 
one geological period, certainly in no one recent 
period. We recognize, however, that they diverge to 
a wonderful extent : one group has diverged at one 
period, and another one has become diversified in a 
different period; and so each one has its history, 
some beginning farther back than others, some 
reaching far back beyond the very beginning of the 
time when fossils could be preserved. I call atten- 
tion to this view, because it is a very easy matter for 
us to u?e words for the purpose of confusing the 
mind; for, next to the power of language to express 
clear ideas, is its power of expressing no ideas at 
all. As we all know, we can sny many things which 
we cannot think. It is a very easy thing to say 
twice two is equal to six, but it is impossible to think 
it. 

I would cite what I mean by variations of species 
in one of its phases: I would just mention a genus 
of snakes, Ophibolus, which is found in the United 
States. If we take the species of this snake-genus 
as found in the Northeni States, we have a good 
many species well defined. If we go to the Gulf 
States, and examine our material, we see we have 
certain other species well defined, and they are very 
nicely defined and distinguished. If, now, we go to 
the Pacific coast, to Arizona and New Mexico, we shall 
find another set of species well defined indeed. If 
we take all these different types of our specimens of 
different localities together, our species, as the Ger- 
mans say, all tumble together : definitions disappear, 
and we have to recognize, out of the preliminary list 
of thirteen or fourteen, only four or five. That' is 
simply a case of the kind of fact with which every 
biologist is perfectly familiar. 

When we come to the history of the extinct forms 
of life, it is perfectly true, then, that we cannot 
observe the' process of descent in actual operation, 
because, forsooth, fossils are necessarily dead. We 
cannot perceive any activities, because fossils have 
ceased to act. But if this doctrine be true, we should 
get the series, if there be such a thing; and we do, 
as a matter of fact, find longer or shorter series of 
structures, series of organisms proceeding from one 
thing into another form, which are exactly as they 
ought to be if this process of development by de- 
scent had taken place. 

I am careful to say this ; because it is literally true, 
as we all must admit, that the system must fall into 
some kind of order or other. You could not collect 
bottles, you could not collect old shoes, but you 
could make some kind of a serial order of them. 
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There are, no doubt, characters by which such and 
such shoes could be distinguished from other shoes, 
these bottles from other bottles; but it is also true, 
that we have, in recent forms of life in zoology and 
botany, irrefragable proofs of the metamorphoses, 
and transformations, and changes of the species, in 
accordance with the doctrine with which we com- 
menced. 

We now come to the second chapter of our subject. 
With the assumption, as I take it already satisfac- 
torily proven, of species having changed over into 
others, in considering this matter of geological suc- 
cession or biological succession, I bring you face to 
face with the nature and mode of the change; and 
hence we may get a glance, perhaps, at its laws. 

I have on the board a sketch or table which repre- 
sents the changes which took place in certain of the 
mammalia. I give you a summary of the kind of 
tiling which we find in one of the branches of pale- 
ontology. I have here two figures, one represent- 
ing a restoration, and the other an actual picture, of 
two extinct species that belong to the early eocene 
periods. One represents the ancestor of the horse 
line, Hyracotherium, which has four toes on his an- 
terior feet, and three behind; and the other, a type 
of animal, Phenacodus, which antedated all the 



defined, or that a specific intermediate form of life, 
will not be found. I think it is much safer to assert 
that such and such intermediate forms will be found. 
I have frequently had the pleasure of realizing anti- 
cipations of this kind. I have asserted that certain 
types would be found, and they have been found. 
You will see that I attend to the matter of time 
closely, because there have been a great many things 
discovered in the last ten or fifteen years in this de- 
partment. In these forms I give the date of the dis- 
covery of the fauna in which they are embraced. 

Here we have the White-River fauna discovered in 
1856 ; then we skip a considerable period of time, and 
the next one was in 1869, when the cretaceous series 
was found. Six or seven cretaceous faunae have 
been found. Then we have the Bridger fauna in 
1870, the Wasatch fauna in 1874. Next we have, in 
1877, the Equus beds, and the fauna which they em- 
brace, which also was found in 1878. The Permian 
fauna, which is one of the last, is 1879; and the last, 
the Puerco, which gives the oldest and ancestral 
types of the modern forms of mammalia, was only 
found in 1881. When I first commenced the study of 
this subject, about 1860, there were perhaps 250 spe- 
cies known. There are now something near 2,000, 
and we are augmenting them all the time. I have 
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horse series, the elephant series, the hog, the rhi- 
noceros, and all of the other series of hoofed ani- 
mals. Each presents us with the primitive position 
in which they first come to our knowledge in the 
history of geological time. 

I have also arranged here a series of some leading 
forms of the three principal epochs of the mesozoic 
times, and six of the leading ones of the tertiary time. 
I have added some dat 'S to show you the time when 
the faunae which are entombed in those beds were 
discovered, in the course of our studies; and you will 
easily see how unsafe it is to say that any given type 
of life has never existed, and assert that such and 
such a form is unknown ; and it is still more unsafe, 
* think, to assert that any given form of life properly 



found many myself: if they were distributed through 
the days of the year, I think in some years I should 
have had several every day. But the accessions to 
knowledge which are constantly being made make it 
unsafe to indulge in any prophecies, that, because such 
and such things have not been found, therefore such 
and such things cannot be ; for we find such and 
such things really have been and really are discov- 
ered. 

The successive changes that we have in the mam- 
malia have taken place in the feet, teeth, and brain, 
and the vertebral column. The parts which present 
us the greatest numbers of variations are those in 
which many parts are concerned, as in the limbs and 
feet. In the lower eocene (Puerco), the toes were 
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5-5. In the Loup-Fork fauna, some possess toes but 
1-1. Prior to this period no such reduction was 
known, though in the Loup-Fork fauna a very few 
species were 5-5. Through this entire series we have 
transitions steady and constant, from 5-5, to 4-5, to 
4-4, to 4-3, to 3-3, to 2-2, to 1-1. In the Puerco 
period there was not a single mammal of any kind 
which had a good ankle-joint; which had an ankle- 
joint constructed as ankle-joints ought to be, with 
tongue and groove. The model ankle-joint is a 
tongue-and-groove arrangement. In this period they 
were all perfectly flat. As time passes on we get 
them more and more grooved, until in the Loup- 
Fork fauna and the White-River fauna they are all 
grooved. In the sole of the foot, in the Puerco fauna, 
they are all flat; but in the Loup-Fork fauna the 
sole of the foot is in the air, and the toes only are 
applied to the ground, with the exception of the line 
of monkeys, in which the feet have not become erect 
on the toes, and the elephant, in which the feet are 
nearly flat also, and the line of bears, where they are 
also flat. As regards the ungulation between the 
small bones of the palm and of the sole, there is not 
a single instance in which the bones of the toes are 
locked in the lower eocene, as they are in the later 
and latest tertiary. 

When we come to the limbs, the species of the 
Puerco fauna have short legs. They have gradually 
lengthened out, and in the late periods they are 
nearly all relatively long. 

Coming to the vertebrae as a part of the osseous 
system, I will mention the zygapophyses, or antero- 
posterior direct processes, of which the posterior looks 
down, and the anterior looks up. They move on each 
other, and the vertebral column bends from side to 
side. In the lower forms of mammals they are al- 
ways flat, and in the hoofed mammals of the Puerco 
period they are all flat. In the Wasatch period we 
get a single group in which the articulation, instead 
of being perfectly flat, comes to be rounded; in the 
later periods we get them very much rounded ; and 
finally, in the latest forms, we get the double curve 
and the locking process in the vertebral column, 
which, as in the limb, secures the greatest strength 
with the greatest mobility. In the first stages of the 
growth of the spinal cord, it is a notochord, or a 
cylinder of cartilage or softer material. In later 
stages the bony deposit is made in its sheath until it 
is perfectly segmented. 

Now, all the Permian land-animals, reptiles, and 
batraehians retain this notochord with the begin- 
nings of osseous vertebrae, in a greater or less de- 
gree of complexity. There are some in South Africa, 
I believe, in which the ossification has come clear 
through the notochord; but they are few. This 
characteristic of the Permian appears almost alone, 
— perhaps absolutely alone as regards land -ani- 
mals. There is something to be said as to the condi- 
tion of that column from a mechanical standpoint, 
and it is this: that the cord exists, its osseous ele- 
ments disposed about it; and in the batraehians re- 
lated to the salamanders, and the frogs, these osseous 
elements are arranged under the sheath in the skin 



of the cord; and they are in the form of regular 
concave segments, very much like such segments as 
you will take from the skin of an orange, — parts of 
spheres, and having greater or less dimensions ac- 
cording to the group or species. Now, the point of 
divergence of these segments is on the side of the 
column. They are placed on the side of the column 
where the segments separate, — the upper segments 
rising and the lower segments coming downward. 
To the upper segments are attached the arches and 
their articulations, and the lower segments are like 
the segments of a sphere. If you take a flexible 
cylinder, and cover it with a more or less inflexible 
skin or sheath, and bend that cylinder sidewise, you 
of course will find that the fractures of that part of the 
surface will take place along the line of the shortest 
curve, which is on the side; and, as a matter of fact, 
you have breaks of very much the character of the 
segments of the Permian batrachia. It may not be 
so symmetrical as in the actual animal, for organic 
growth is symmetrical so far as not interfered with; 
for, when we have two forces, the one of growth and 
the other of change or alteration, and they contend, 
you will find in the organic being a quite symmetri- 
cal result. That is the universal rule. In the cylin- 
der bending in this way, of course the shortest line 
of curve is right at the centre of the side of that 
cylinder, and the longest curve is of course at the 
summit and base, and the shortest curve will be the 
point of fracture. And that is exactly what I pre- 
sume has happened in the case of the construction 
of the segments of the sheath of the vertebral column 
in the lateral motion of the animal swimming, always 
on one side, and which, at least, has been the actual 
cause of the disposition of the osseous material in 
its form. I have gone beyond the state of the dis- 
cussion in calling attention to one of the forces which 
have probably produced this kind of result. That 
is the state of the vertebral column of many of the 
vertebrata of the Permian period. 

I go back to the mammalia, and call attention to 
the teeth. The ordinary tooth of the higher type of 
the mammalia, whether hoofed or not, with some ex- 
ceptions, is complex with crests or cusps. In cutting 
the complex grinding surfaces we find they have been 
derived by the infolding extensions of four original 
cusps or tubercles. They have been flattened, have 
been rendered oblique, have run together, have folded 
up, have become spiked, have descended deeply or 
have lifted themselves, so that we have teeth of all 
sorts and kinds, oftentimes very elegant, and some- 
times very effective in mechanism. In many pri- 
mary ungulates, the primitive condition of four con- 
ical tubercles is found. In passing to older periods 
we find the mammalia of the Puerco period, which 
never have more than three tubercles, with the ex- 
ception of three or four species. In the succeeding 
periods, however, they get the fourth tubercle on the 
posterior side. Finally, you get a complicated series 
of grinding or cutting apparatus, as the case may be. 
Last, but not least, we take the series of the brain. 
No doubt the generalization is true, that the primi- 
tive forms of mammalia had small brains with smooth 
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hemispheres; later ones had larger hrains with com- 
plex hemispheres. In general, the carnivora have 
retained a more simple form of brain, while herbivor- 
ous animals have retained a most complicated type 
of brain. The lowest forms of mammalia display 
the additional peculiarity of having the middle brain 
exposed; and the hemispheres or large lobes of the 
brain, which are supposed to be the seat of the men- 
tal phenomena, are so reduced in size at the back 
end that you see the middle brain distinctly, though 
it is smaller than in reptiles and fishes. It is beyond 
the possibility of controversy, that those series have 
existed, and that they have originated in simplicity, 
and have resulted iti complication; and the further 
deduction must be drawn, that the process of succes- 
sion has always been towards greater effectiveness of 
mechanical work. There are cases of degradation, 
as in the growing deficiency in dentition in man. 
There is no doubt that a large number of people are 
now losing their wisdom-teeth in both jaws. 

We are now brought to the question of the rela- 
tions wliich mind bears to these principles. The 
question as to the nature of mind is not so complex 
as it might seem. There is a great deal of it, to be 
sure; but on examination it resolves itself into a few 
ultimate forms. An analysis reduces it to a few 
principal types or departments, — the departments of 
the intelligence and of emotions (with their modified 
smaller forms, likes and dislikes), and the will, if 
such there be. Those three groups, proposed by 
Kant, are well known, and adopted by many meta- 
physicians; and they stand the scrutiny of modern 
science perfectly well in both men and the lower 
animals. But the question of the material of the 
mind, the original raw stuff out of which mind was 
made, is one which is claiming attention now from 
biologists, as it always has done from physiologists 
proper and physicians. This is sensibility, mere sim- 
ple sensibility, unmodified sensibility or conscious- 
ness. Sensibility, in connection with memory, is 
sufficient for the accomplishment of wonderful re- 
sults. It is only necessary to impress the sensibility 
with the stimuli which this world affords, whether 
from the outside or the inside, to have the record 
made, and to have the record kept. Among wonder- 
ful things this is perhaps the most wonderful: that 
any given form of matter should be able to retain a 
record of events, a record which is made during a 
state of sensibility for the most part, a greater or less 
degree of sensibility, which is retained in a state of 
insensibility, and is finally returned to the sensi- 
bility by some curious process of adhesion, and the 
results of impresses which are found on the material 
tissue concerned. 

And these simple elements of mind are found in 
animals. No zoologist who has perception or hon- 
esty, nor any farmer or breeder, nor any person who 
has charge of animals in any way, can deny sensibil- 
ity to all the lower animals at times. The great 
stumbling-block in the way of the thinker in all this 
field is the great evanescence of this sensibility: the 
great ease with which we dissipate it, the readiness 
with which we can deprive a fellow-being of his 



sense, is a stumbling-block in more ways than one. 
While it is a question of the greatest difficulty, never- 
theless, like other departments of nature, doubtless 
it will ultimately be explained by the researches of 
physiologists. I only need to call attention to the 
fact as an important factor in evolution. 

Of course, if these structures are suggested, affect- 
ing the mechanical apparatus, the qtiestion arises, 
whether they were made ready to hand, whether the 
animal, as soon as he got it, undertook to use it, and 
whether he undertook to use the organism under the 
dire stimuli of necessity, or amended through ages 
these modifications in his own structure. We are 
told by some of our friends, that law implies a law- 
giver, that evolution implies an evolver: the only 
question is, Where is the lawgiver? where is the 
evolver? where are they located? I may say, it is 
distinctly proven in some directions, that the constant 
applications of force or motion in the form of strains, 
in the form of impacts and blows, upon any given 
part of the animal organism, do not fail to produce 
results in change of structure. I believe the changes 
in the ungulates to which I have called your atten- 
tion are the result of strains and impacts, precisely 
as I have shown you the manner of the fracture of 
the vertebral column of the primitive vertebrates of 
the Permian period. This would require long dis- 
cussion to render clear: nevertheless, I venture to 
make the assertion that this series of structures is 
the result of definite and distinct organic forces, 
directed to special ends. We have yet to get at the 
conflicting forces which have produced the results we 
see. Mechanical evolution will give us a good deal 
to do for some time to come. Of course, if motion 
has had an effect in modifying structure, it behooves 
us to investigate those forces which give origin to 
motion in animals. First in order come the sen- 
sibilities of the animal, which we have traced to sim- 
ple consciousness; stimuli, upon notice of which he 
immediately begins to move. The primary stimulus 
of all kinds of motion is necessarily touch. If a 
stone falls upon the tail of some animal which has a 
tail, he immediately gets out of that vicinity. If 
a jelly-fish with a stinging apparatus runs across an 
eel which has no scales, the eel promptly removes. 
External applications of unpleasant bodies will al- 
ways cause an animal to change his location. Then 
he is constantly assaulted by the dire enemy of 
beasts, hunger, an instinct which is evidently uni- 
versal, to judge from the actions of animals. This 
seems to have fashioned, in large part, all forms of 
life, from the least to the greatest, from the most 
unorganized to the most complex. Each exercised 
itself for the purpose of filling its stomach with 
protoplasm. Then come the stimuli, which should be 
included under the class of touch, changes of tem- 
perature. No animals like to be cold or too hot; and 
when the temperature is disagreeable, the tendency 
is to go away from that locality. Among primary 
instincts must be included that of reproduction. 
After that comes the sensation of resistance, or, 
carried to a high degree, of anger: when an animal's 
interests are interfered with, its movements re- 
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stricter), it prompts to the most energetic displays. 
So, you see, it is a matter of necessity that mental 
phenomena lie at the back of evolution, provided 
always that the connecting link of the argument — 
that motion has ever affected structure — be true. 
That is a point which, of course, admits of much 
discussion. I have placed myself on the affirmative 
side of that question; and, if I live long enough, I 
expect to see it absolutely demonstrated. 

Of course the development of mind becomes pos- 
sible under such circumstances. It is not like a man 
lifting himself up by his boots; which it would be if 
he had no such th ing as memory. But with that mem- 
ory which accumulates, which formulates first habits, 
and then structures, especially in the soft, delicate 
nervous tissue, the development of the mind as well 
as the machinery of the mind becomes perfectly pos- 
sible. We develop our intellect through the accumu- 
lation of exact facts; through the collation of pure 
truth, no matter whether it be a humble kind of 
truth, — as the knowledge of the changes of the sea- 
sons,' which induces some animals to lay up the win- 
ter's store, — whether it be knowledge of the fact that 
the sting of the bee is very unpleasant, or knowledge 
of the fact (of which the ox, no doubt, is thoroughly 
aware) that the teeth of the wolf are not pleasant 
to come in contact with; or whether it be the com- 
plex knowledge of man. When the, cerebral matter 
has become larger, and more complex, it receives and 
retains a much greater number of impressions, and the 
animal becomes a more highly educated being. 

As regards the department of emotions or passions, 
it is also much stimulated by the environment. Ani- 
mals which live in a state of constant strife, naturally 
have their antagonistic passions much developed; 
while amiable, sympathetic sentiments are better and 
more largely produced by peace-loving animals. Thus 
it is that the various departments of the mind have 
the beautiful results which we now find in the human 
species. 

There are some departments of the mind which 
some of our friends decline to admit having had such 
an origin. The moral faculty, for instance, is ex- 
cepted by many from this series. But the reasons 
why they object to its production in this way are, to 
my mind, not valid. The development of the moral 
faculty, which is essentially the sense of justice, ap- 
pears to them not to fall within the scope of a theory 
of descent or of evolution. It consists of two parts. 
First is the sentiment of benevolence, or of sympathy 
with mankind, which gives us the desire to treat them 
as they should be treated. It is not sufficient for jus- 
tice that it is unmixed mercy, or benevolence, which 
is sometimes very injurious, and very often mis- 
placed. It requires, in the. second place, the criticism 
of the judgment, of the mature intellect, of the ra- 
tional faculty, to enable the possessor to dispose of 
his sentiments iji the proper manner. The combina- 
tion of rational discrimination and true judgment, 
with benevolence, constitutes the sense of justice, 
which has been derived, no doubt, as a summary of 
the development of those two departments of the 
mind, — the emotions and the intellect. 



It is said, that a sense of justice could not be de- 
rived from the sense of no justice ; that it could not 
have been derived from the state of things which we 
find in the animals, because no animal is known to 
exhibit real justice: and that objection is valid as far 
as it goes. I suspect that no animal has been ob- 
served to show a true sense of justice. That they 
show sympathy and kindness, there is no question; 
but when it comes to real justice, they do not display 
it. But do all men display justice ? Do all men under- 
stand justice? I am very sure not. There are a good 
many men in civilized communities, and there are 
many tribes, who do not know what justice is. It does 
not exist as a part of every mental constitution. I 
never lived among the Bushmen, and do not know 
exactly what their mental constitution is; but in a 
general way the justice of savages is restricted to 
the very smallest possible circle, — that of their tribe 
or of their own family. There is a class of people who 
do not understand justice. I do not refer to people 
who know what right is, and do not do it; but to 
the primitive state of moral character, in which, as in 
children, a sense of justice is unknown. I call atten- 
tion to the fact, because some of our friends have 
been very much afraid that the demonstration of the 
law of evolution, physical and metaphysical, would 
result in danger to society. I suspect not. The mode 
in which I understand this question appears to me to 
be beneficial to society, rather than injurious; and I 
therefore take the liberty of appending this part of 
the subject to its more material aspect. 

To refer to another topic, and that is to the origin 
of life, the physical basis of life. The word 'life' is 
so complex that it is necessary to define it, and so to 
define it away that really the word ' life ' does not 
retain its usual definition. Many phenomena of life 
are chemical, physical, mechanical. We have to 
remove all these from consideration, because they 
come within the ordinary laws of mechanical forces; 
but we have a few things left which are of a differ- 
ent character. One is the law of growth, which is 
displayed in the processes of embryonic succession; 
secondly, the wonderful phenomena of sensibility. 
Those two things we have not yet reduced to any 
identily with the ordinary laws of force. In the 
phenomena of embryology the phenomena of evolu- 
tion are repeated, only concentrated in the early 
stages through which animals have to pass. So 
whatever explains the general phenomena of evolu- 
tion explains the phenomena of embryology. 

What is the nature of physical sensibility ? In 
this planet, it is found residing only in one form of 
matter, which has a slightly varied chemical consti- 
tution, namely, protoplasm ; so-called from a physi- 
cal standpoint. Now, this world, as you all know, 
has passed through many changes of temperature. 
Its early periods, it is probable, were so very hot that 
protoplasm had a very poor chance. The earth has 
passed through a great many changes of temperature, 
many of which would not permit the existence of 
protoplasm. Again, can we assume for a moment 
that this little speck in the great universe is the only 
seat of life ? I suppose scarcely any scientific man 
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will venture to do so. If, therefore, life exists in, 
other parts of this great universe, does it necessarily 
occupy bodies of protoplasm in those different, remote 
spheres ? It would be a great assumption. It is al- 
together improbable. The certainty is, that in those 
planets which are in proximity to the sun's heat 
there could be no protoplasm. Protoplasm in the 
remote planets would be a hard mineral, and near 
the sun it would be dissipated into its component 
gases. So that, if life be found in other parts of this 
universe, it must reside in some different kind of 
material. It is extremely probable that the physical 
conditions that reside in protoplasm might be found 
in other kinds of matter. It is in its chemical inert- 
ness, and in its physical constitution, that its adap- 
tation to life resides; and the physical constitution 
necessary for the sustentation of life may be well 
supposed to exist in matter in other parts of the uni- 
verse. I only say the door is open, and not closed: 
any one who asserts that life cannot exist in any 
other material basis than protoplasm is assuming 
more than the world of science will permit him to 
assume. And that it is confined to this single planet, 
and not in the great systems of the universe, — that 
assumption will notfor a moment be allowed. There- 
fore the subject is one which allows us a free field 
for future investigation: it is by no means closed in 
the most important laws which it presents to the 
rational thinker. 1 hope, therefore, that, if the evi- 
dence in favor of this hypothesis of the creation of 
living forms be regarded as true, that no one will 
find in it any ground for any very serious modifi- 
cation of existing ideas on the great questions of right 
and wrong which have long since been known by 
men as a result of ordinary experience, and without 
any scientific demonstration whatsoever. 

A classification of the natural sciences. 1 

BY T. 8TBEKY HUNT, LL.D., F.B.S., OF MONTREAL. 

To frame a rational classification of the natural 
sciences, and to define their mutual relations, have 
often been attempted. The present writer, in an 
essay read before the National academy of sciences 
in April, 1881, and since published in the Philosophi- 
cal magazine, with the title of 'The domain of phy- 
siology,' suggested the basis of such a scheme, and 
now, at the request of some of his readers, ventures, 
for the first time, to embody in a concise and tabu- 
lated form the views then and there enunciated, in 
the hope that other students may find it not unworthy 
of their notice. 

The study of material nature constitutes what the 
older scholars correctly and comprehensively termed 
physics (the words 'physical' and 'natural' being 
synonymous), and presents itself in a twofold aspect, 

— first, as descriptive; and, second, as philosophical, 

— a distinction embodied in the terms 'natural his- 
tory' and 'natural philosophy,' or, more concisely, 
in the words 'physiography' and 'physiology.' The 
latter word has been employed, in this general sense, 
to designate the philosophical study of nature from 

1 Abstract of paper read in general session, Aug. 17, 1883. 



the time of Aristotle, and will so be used in the pres- 
ent classification. 

The world of nature is divided into the inorganic 
or mineralogical, and the organic or biological, king- 
doms; the division of the latter into vegetable and 
animal being a subordinate one. The natural history, 
or physiography, of the inorganic kingdom, takes cog- 
nizance of the sensible characters of chemical species, 
and gives us descriptive and systematic mineralogy, 
which have hitherto been restricted to native species, 
but, in their wider sense, include all artificial species 
as well. The study of native mineral species, their 
aggregations, and their arrangement as constituents 
of our planet, is the object of geognosy and physical 
geography. The physiography of other worlds gives 
rise to descriptive astronomy. 

The natural philosophy of the inorganic kingdom, 
or mineral physiology, is concerned, in the first place, 
with what is generally called dynamics or physics; 
including the phenomena of ordinary motion, sound, 
temperature, radiant energy, electricity, and magnet- 
ism. Dynamics, in the abstract, regards matter in 
general, without relation to species; chemism gener- 
ates therefrom mineralogical or so-called chemical 
species, which, theoretically, may be supposed to be 
formed from a single elemental substance, or materia 
prima, by the chemicar process. Dynamics and chem- 
istry build up our inorganic world, giving rise to 
geogeny, and, as applied to other worlds, to theoreti- 
cal astronomy. 

Proceeding next to the organic kingdom, its physi- 
ographical study leads us first to organography, and 
then to descriptive and systematic botany and zoology, 
two great subdivisions of natural history. Coming, 
then, to consider the physiological aspect of organic 
nature, we find, besides the dynamical and chemical 
activities manifested in the mineral, other and higher 
ones which characterize the organic kingdom. On 
this higher plane of existence, are found portions of 
matter which have become individualized, exhibit 
irritability, the power of growth by assimilation, and 
of reproduction, and which establish relations with 
the external world by the development of organs, all 
of which characters are foreign to the mineral king- 
dom. These new activities are often designated as 
vital; but since this word is generally made to in- 
clude at the same time other manifestations which 
are simply dynamical or chemical, I have elsewhere 
proposed for the activities characteristic of the organ- 
ism the term biotics {pwmcog, pertaining to life). The 
physiology of matter in the abstract is dynamical, 
that of mineral species is both dynamical and chemi- 
cal, while that of organized forms is at once dynami- 
cal, chemical, and biotical. All of these, I may 
remark, I regard as successive manifestations of an 
energy inherent in matter. 

The study of the biotical activities of matter leads 
to organogeny aud morphology, while the relations 
of organisms to one another and to the inorcanic 
kingdom give us physiological botany and zoology. 
We thus arrive at a comprehensive and simple 
scheme of the natural sciences, which I have endeav- 
ored to set forth in the subjoined table. 



